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nonvolatile SbMicotiDUCTOF-. memory device and 

METHOD FOR RECORDING INFORMATION 

BAC KGROUND OF THE INVENTION 
5 1 . Field of the Invention 

The present invention relates to an electrically-erasable 
nonvolatile semiconductor memory device and a method for recording 
information in the memory device, and more particularly to a 
nonvolatile semiconductor memory device and a method of 

JO manufacturing the same, wherein the memory device is constructed 
of memory cells, each of which cells is constructed of 
magnetores is t ive elements formed of ferromagnetic thin films. 
2 . Descriptio n of the Rela ted Art 

Of electrically-erasable nonvolatile semiconductor memory 

15 devices of the conventional type known m the art, one having its 
memory cells constructed of magnetoresist ive elements which are 
formed of ferromagnetic thin films is called a "Magnetic Random 
Access Memory" (hereinafter referred to as MF'AM ) . 

Figs. 4(a), 4(b) and 4(c) are schematic views of an example 

20 of the memory element of such an MF'AM described above, wherein: 
Fig. 4(a) is a schematic perspective view of the memory cell, 
illustrating the memory element in construction; Fig. 4(b) is a 
schematic perspective view of the essential part of the memory cell, 
illustrating a data read operation performed in the memory element; 

25 and, Fig. 4(c) is a schematic side view of the essential part of 
the memory element, illustrating a data wri te operation of the memory 
cell. As shown in Fig. 4(a), in this memory element, a fixed or 
pinned layer 12 is formed from a ferromagnetic thin film having 
a thickness of approximately 20 nm, and has the direction of its 




magnetization fixe d or pi n n e d . Trie thus p i n ned layer 12 is disposed 
on an under 1 y ing wi r i ng 11 to as sume a predetermined position thereon . 
Zdsposed on this pinned layer 12 is an insulation layer 13 having 
a thickness of approximately 2 nm. Further disposed on the insulation 
5 layer 13 is a data storage layer 14 formed from a ferromagnetic 
thin film, which film has a thickness of approximately 20 nm and 
is variable in direct ion of its magnetization . Still further disposed 
■on the data storage layer 14 is an overlying wiring 15 which extends 
in a direction perpendicular to the underlying wiring 11. 

.10 As shown in E'ig. 4(c), in the write operation of the memory 

element described above, binary information is stored through a 
switching operation i n which t h e direct! o n o f t h e ma gnetizat ion 
of the data storage layer 14 is switched from a "parallel (which 
corresponds to data 1 ) " magnetization state to an 

'15 "antiparallel ( wh i ch cor responds to data 0 ) "na gnetization statewith 
respect to the direction of the magnetization of the pinned layer 
12 by an application cf an external magnetic field. At this time, 
due to the presence of a so-called ma gne tores i st ive effect, a value 
in electric resistance of the insulation film 13 in the "parallel" 

20 magnetization state varies within a range of from approximately 

10 to approximately 40 percent of the electric resistance value 
■of the insulation film 13 m the "antiparallel" magnetization state. 

As shown in Fig. 4(b), a data read operation of the binary 
information thus stored in the memory element through the above 
25 write operation is realized by applying a predetermined potential 
difference between the overlying wiring 15 and the underlying wiring 

11 to a 1 low a tunnel current to flow f rem the underlying wiring 
11 to the overlying wiring 15 through the pinned layer 12, insulation 
layer 13 and the data storage layer 14. In other words, since the 




insulation layer 13 has its electric resistance value vary depending 
cn each of the "parallel" aria trie " ant ipa r a 1 1 e 1 " rragnet izati on states 
of the data storage layer 14 relative to the direction of 
magnetization of the pinned layer 12 due to the presence of the 
5 tunneling magnet o res i st i ve effect thereinafter referred to as 
"TM?") , it is possible to retrieve the thus stereo information by 
sensing a variation in the above-mentioned tunnel current. 

The memory element shown in Figs. 4 ia) and 4(b) utilizes the 
tunneling magnet oresist ve effect (TMR) , ana is therefore simpler 

JO in construction as L- an electrode for retrieving stored information 
than a memory element utilizing the Giant magnetoresistive effect, 
(hereinafter referred to as "1H?" ) . Due to cms, the rremcry element 
utilizing one T M P. is advantageo in fabricating an M?AM device 
having a high density memory capacity. 

15 ^ig. t is a soheitati c view illustrating an MP. AM device in which 

a plurality of rr.err-.ory elements 17 are arranged in a matrix form 
at. points of intersection of a plurality of the overlying wirings 
15 (called "hut. lines") ana trie underlying wirings 11 called ("word 
lines") . Any one if the mem e:y elements 17 can roe identified by 

20 sele sting both a predetermine d one of the wo rd 1 ines (i.e., underlying 
wirings) 11 and a predetermined one -of the bit lines (i.e. , over Lying 
wirings) 1 o . After completion of the write operation of information 
perf 0' rme dinea:hof r he memo r y e 1 emen t s 17, i t i s oc s s i 1 1 e t o retrieve 
the thus stored information from the memory element 17 by sensing 

25 a tunnel current which flows from the word line 11 and the bit line 
lb connected with the memory oiement 17. -one of conventional memory 
elements of this kind is disclosed in .Japanese Patent appLioaticm 
La id-Open No . 2 1)00-827 91 . Als o in such a convent ional memory element 
disclosed in construction, information stored therein is sensed 



as a variation in tunnel current flowing through a magnetic: tunnel 
junction (hereinafter referred to as "MTJ"j formed between an 
underlying wiring ami an overlying wiring of the memory element. 

As described above, the MF.AM device utilizing the TMP is 
constructed of a megne t ores i s t: 1 ve element which has a multilayered 
structure including three or mo-re layers including an insulation 
film sandwiched between two layers (in general) each of which is 
constructed of a ferromagnetic thin film. In operation, when the 
f er romagnet ic thin f i 1 ms are sub;; eccecl to an external magnetic field, 
these ferromagnetic tnin films tecome "parallel" or "antiparaiiel" 
to each other in direction of magnetization thereof, which results 
in a tunnel current. This tunnel ■current flows through the insulation 
film, an elector ic resistance of wnich varies t o enable the individual 
memory elements of the MRAK device to store binary information "1" 
or "0" therein. 

However-, such an electric resistance of the insulation film 
caused by the magnetoi es o s t i ve effect varies usually within a range 
of from approximately 30 percent up to rts maximum value ,.>f 
approximate! y 40 percent, arc is theref ore relatively small in value . 
Further, as shown in Fig. 5, when a plurality of the memory elements 
17 are arranged in a rmtrix form at points of intersection -of the 
overlying wirings 15 called "bit lines") and the underlying wirings 
11 called : "word lines"), a predetermined or selected one of tne 
memory cell 17 from which necessary information should be retrieved 
is adversely affected by noise causea key the word lines and the 
bit lines both of which are not selected . This impairs the funct ioning 
of such a selected memory cell 17 in its read current ratio (i.e., 
a ratio of s i gnal /noi s e ) , and often leads to a rr.al f jnction thereof. 
Particularly, as shc»wn in Fig. r , in the case where a lar ge- capacity 



memory devi-je having a large number o>i Lhe memory cells 17 arranged 
in a matrix f ;>rm therein is produced, values in electric resistance 
of the individual memory cells 17 of the memory device often vary 
widely due t o, primarily, the presence of various var iations involved 
in the production of the memory devize. 

cue :■: this, a sensing means used in such a conventional type; 
of the nc nvc lac lie semiconductor memory device requires 
high- accuracy circuitry in construction. Further, the conventional 
type memory aevice has the disadvantage that it takes too- much time 
in retrieving 1 n r-rn-o. ion from the memory cells with a nigh degree 
of accuracy. Empd oyecl in a means for improving the memory cell in 
read accuracy is a i esistance value -generating element, for example. 
This element is used fc-r reference purposes or. sensing the variations 
in absolute values of electric resistance of the individual memory 
cell. However, such hioin-accuracy typ>e resrstar.ee value generating 
element is costly in fabrication, and therefore increases the 
manufacturing cost of tne entire memory device. Further, the 
provision of such high-accuracy type resistance value general ing 
element makes the memory device po-co rn read operat icoi . 

As fc-r the al. eve problems inherent in the MR AM, for example, 
Japanese Patent application Laid-open It). Hei 10-177783 discloses 
a technique for solum a the p r ololems , in which technique : as disc Losed 
in the above official gazette, one memory cell is constructed of 
a pair of memory elements; information is stored in this memory 
cell; and, a difference in current fl -wing through the memory cell 
is sensed tne information. 

Prc'blems to 1. c solved by the present invention are as follows: 
namely, the technique disclosed in the Japanese Patent application 
Laid- open Ho. Hei lj-17778c still suffers fromthe f o 1 lowing pr obi ems 
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Al th ough a magneti: memory eel 1 of an MP AM according to the disclosed 
technique utilizes the GMF effect, in order to retrieve stored 
information it is necessary for tne memory cell to sense variations 
in electric resistance by using an electric current which flows 
5 in a direction parallel to the direction of magnetization. 

Consequently, as shown in Fig. 1 of the Japanese Patent application 
Laid- jpen He. Hei 1 ^ - 1 7 7 / r 3 'Official gazette, it is necessary for 
the o i sc bose :i technique to forma resistarnre value sensina electrode 
on a side surface of an information recording portion 

-10 ( electrons ^ stive element.:. Furthermore, in such a memory device 
o f tne dis c.l osed teenni que, when an upper and a lower mem :>ry elements 
o f the rr.emor y device are s t -iicke d t oge t he r in c onstru:: ion , aplurality 
of lead wires connected with these memory ceils are required, which 
makes the memory device complex in construction. Consequently, the 

15 memory celis e f the disci oseo technique are not adapted for components 
of an information mem: ry device which is constructed -of a large 
number o-f memory cells. 



lorisequent ly, : t is an obi ect. o f tne present invention to p rovide 
a nonvolatile semiconductor memory device and a method for recording 
information in the memory device, wherein the memory device has 
its output sicnals widely separatee: from eacn other to ensure its 
25 proper operation, does r. : t require any high-accuracy resistance 
value general] ng element, and realizes a high density memory capacity 
due to its simple memory ceil construction. 

In accordance with a : irst aspect :f the present invention, 
the above object of the present invention is accomplished by 
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In view of the above pr:b terns, the pies 



er.t invention was made. 



providing: 

A nonvolatile semiconductor memory device comprising: 

a first wiring extending in a first direction; 

a first memory element so arranged as to be connected with 
the first wiring; 

a second wiring extending in a second direction which is 
different from the first direction, the second wi ri ng being connected 
with the first memory element; 

a second memory element so arranged as to be connected with 
the second wiring; 

a t h i rd wiring extending in the first direction, the third 
wi r ing be i rig connected with the second memory e lement ; 

wherein the f :rst memory element is constructed of an insulation 
film and two or more of ferromagnetic thin films disposed adjacent 
to opposite sides of the insulation film, the ferromagnetic thin 
films disposed adjacent to one of the opposite sides of the insulation 
film being connected with the first wiring while the ferromagnetic 
thin films disposed adjacent to the other of the opposite sides 
of the insulation film being connected with the second wiring; 

whe rein the second memory element is constructed of an 
insulation film and two or more of ferromagnetic thin films disposed 
adjacent to (opposite sides of the insulation film, the ferromagnetic 
thin films disposed adjacent to one of the opposite sides of the 
insulation film being connected with the second wiring while the 
ferromagnetic thin films disposed adjacent to the -other of the 
opposite sides of the insulation film being connected with the third 
wiring; 

wherein a difference in magnetization direction between the 
two or more of the ferromagnetic thin films is stored as a piece 
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of informaticn, the piece of information being retrieved by using 
variations in electric resistance value of the memory element when 
a tunnel current ttcws onrough one memory element, the variations 
in electric resistance value if the memory being caused by a 
5 magnecores 1st i vo effect, resulted r r cm the difference in direction 
between the nnqnetizatii as of the owe or more of the ferromagnetic 
thin f i 1ms ; 

wherein the first: memory element pairs off with the second 
memory element without exception to store a piece of information 

10 -opposed in meaning to- that sr. urea in one second memory element. 

In the prior art, one memory element is provided between a 
pair of wirings to pernio a tunnel, cur rent to flow th.ro-.iih the memory 
element, so that, the absolute value of an electric resistance of 
tne memory element is detected. In c mtrast with this, in the present. 

15 invention, two memory elements are disposed between .adjacent two 
of three wirinos to store a plurality of data which are different 
from each other, each of the data being stored in each oi the memory 
elements, wherein a difference between tunnel currents each of wnich 
flows through each o f the mercury elements is sensed. In other words, 

20 in the present invention, since a relative variation m electri;; 
resistance value is sensed, it is pessir Le to increase the wiotn 
of tne variation, whicri facilitates the read operation of the 
in f o rma t ion . Further, siooeamemory celi constructed of these memory 
elements is simple in construction, it is possible to fabricate 

25 a larger-scale nonvolatile semiconcuctc-r memory device by 
1 n t e g r a t i n g t h e s e me mo r y cells in a n e a s y m -a n n e r . 

In the nonvolatile semiconductor: memory (.device -of the present 
invention, preferably, a plurality of each cf tne first, the second 
and the third wirings and a plurality of each -of the first and the 
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second memory elements are provided; 

a write circuit connected with the first, the second and the 
third wiring to store the piece of information in both the first, 
and the second memory element; a no 
5 a read circuit connected with the first, the second and the 

third wiring to retrieve the piece of information stored in the 
first and the second memory element. 

Further preferably, the first direction is perpendicular to 
the second direction. 
10 Still further preferably, the first wirings are arranged in 

parallel to cash other on a first plane; 

the second wiring Eire arranged in parallel to each other on 
a second plane, the second plane being parallel to the first plane 
and disposed over the first plane; 
15 the third wirings are arranged in parallel to each other on 

a third piano-, the third plane being parallel to the first plane 
and disposed over the seoond plane; 

the first memory elements are disposed on a forth plane, the 
forth plane being parallel to the f irst plane and disposed between 
20 the first and tne second plane; 

t n e see.) n d memory elements a re disposed on a fifth plane, the 
fifth plane being parallel to the first plane and disposed between 
the second and the third plane. 

Preferably, each of the write circuit and the read circuit 
25 is constructed of a semiconductor integrated circuit . 

Further preferably, a plurality of groups, each of which is 
constructed -of the first, the second and the third wiring and the 
first and the second memory element, are arranged through the 
insulation films. 
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According to a second aspect of the present invention, the 
above o-bject of the present invention is accomplished by providing: 

In a method for recording information in a nonvolatile 
semi cc n d act :> r memory device coompr i s in g : a first wiping extending 
5 in a first :lireeti-:n; a first memory element so arranged as to be 
connected witn the first w.rirg; a seiona wiring extending in a 
second direction which is different from the first direction, the 
sec ond wi r ing being connected with the first memo ry element ; a seconc; 
memory element so arranged as to be connected with the second wiring; 

JO a third w inno e x tending in t. r ■ e first dire c t i c n , t h e t h i r d wiring 
being o o n n e c t e ci wit h t n e s e c o n d memo ry e .1 e me n t ; 

w h ereir: t h e f i r s t m e no : • r ; / element is son s truct e do f an i n s u i a t i o n 
fit m a n d t w o o r mo r e o f r. e r r om a g rietic thin f 1 1 rn s d i s p o s e d a d j a c e n t 
to opposite sides of the insulation film, the ferromagnetic thin 

15 f i 1 m s d 1 s p o s e d a d j a c e n t t o o ne of the op p o site s i ole s o f t n e in s u 1 a 1 1 o n 
f i 1m be i n g connecte d w i t h the first w i r i n g while the f e r r oma gnet i c 
t h i n f 1 1 ms d i s p o s e o a d 7 ace n t to the ■:■ t her of t h e opp :site si de s 
0 f the ins a 1 a t i on film be 1 n g s c nnecte o with the sec:* n d wiring ; t h e 
seS'Ono memory element is constructed of an insulation film and two 

20 or mere -of ferromagnetic thin films disposed .adjacent to opposite 
sides of the insulation film, the ferromagnetic thin films disposed 
ad j a cent to one of the opposite sides of the insula:, ion film be ing 
ct- nr. ected with t ne second wiring while the ferromagnetic thin films 
d i spies ed ad j a cent t c the ot he r o : the c-pp os i to sides o 1 the insula: i on 

25 film being oo: nines ted with c ne third wiring; a difference in 

magnetization direct ion between the two or more of t he ferromagnetic 
tnin films is stored as a piece of information, the piece ot 
information being retrieved toy using variations in electric 
resistance value of the memory element when a tunnel current flows 



1 ] 

through the mem Dry element, the variations in electric resistance 
value of the mem :^y k ei n g caused k-y a magnet, ores is t i ve effect result ed 
from the difference in direction between the magnetizations of the 
two or more of the ferromagnetic thin films; the first neir.ory element 
pairs off with the second memory element without exception to store 
a piece o-f inf orma t ion opposed in meaning to that stored in the 
second memory e ierr.ent , 

the improvement therewith comprising the steps o-f: 

magnetizing one or more of the ferromagnetic then films of 
one first memory element in a direction parallel to or ant iparai le 1 
to a direction o-f ma :jnet i oat loci of the remaining ones o-f the 
f er roma gnetio: thin films -other than the one or :n,oe of tne 
ferromagnetic thin films to- perform an information write operation 
in the nonvolatile semiconductor memory device; and 

magnetizing one or mo- re of the ferromagnetic thin films of 
the second memory e Lenient in a direction parallel to -or antiparallel 
to a direction of ma gne z i cat i : n of the remaining ones of said 
ferromagnetic thin films other tnan said one or more of said 
f errO'T.aojnet i c thin f^lms to perform said write operation of said 
piece of information in the nonvolatile senic'jnducto r memory device; 

wherein: one of a first so ate and a second state is selected 
to perform the write operation; the first state is estak Lished when 
t n e o n e : r mire o-f t h e ferr om a g n e t i c thin films o f tne f 1 rot mem 0 r y 
element are magnetized in a direction parallel to a ■direction c>f 
magnetization of the remaining ones c>f the f errc-magnetic: thin fiLms 
of the first memory element in a condition in which the one or more 
of the ferromagnetic thin films of the- second memory element are 
magnetized in a direction antiparallel to a direction of 
magnetization -of the remaining ones o»f the ferromagnetic thin films 
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of the second memory element; and, the second state is established 
when the one or more of the ferromagnetic thin films of the first 
memory element are magnetized on a direction antiparallel to a 
directi :>n o f ma ;ne t i :a t ion :■ f the r ema : nin a ones o f t he ferromagnet ic 
5 thin films of the first memory element in a condition on which the 
one or more of the ferromagnetic thin films of the second memory 
element are magnetized in a direction parallel to a direction of 
magnetization of tne remaining ones of the ferromagnetic thin films 
of the second memory element; 

10 wherein an information read operation of the nonvolatile 

semiconductor memory device is performed through the steps of: 
■determining a first electric resistance value of the first memory 
element when the tunnel current flows through the first memory 
e 1 ement ; det em in in g a second electric res i stance value of the sec ond 

15 memory element when the tunnel current flows through the second 
memory element; and, sensing a difference in electric resistance 
value between the first an d the second electric r e sistance value 
to determine which of the first and the second states tne memory 
device is currently in, whereby the .information read operation -of 

20 the memory device is performed. 

In the method of the present invention, preferably, the steps 
■of magnetizing the one or more of the ferromagnetic thin films of 
the first memory element is carried out by using a magnetic filed, 
tne magnetic field being generated by an electric current flowing 

25 through at least one of the first and the second wiring. 

Further preferably, the step of magnetizing the one or more 
of the f err omagnet i o thin films of the second memory element is 
carried out by using a magnetic filed, the magnetic field being 
generated by an electric current flowing through at least one of 
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the second and the third wiring. 

As describes above, the nonvolatile semiconductor memory 
device constructed of the magnetores i stive elements according to 
the presen t invent 1 en i s capable of oem g impr oved in elect, ric current 
5 deoect i -on accuracy with respect t :> even a slight v ar i ;ition i n electr ic 
current which is smaller than that occurring in the prior art. This 
makes it possible for the memory device of the present invention 
to eliminate any resistance generating element which is an 
indispensable component to the tori vet t :. onal memory device . Further, 

10 since the memory cell of the nonvolatile semiconductor memory devi se 
of the present invent io.-n is sinpLe in construction, it is possible 
t o integrate a plurality or the memory cells of the present invention 
in an easy manner. Incidentally, though the memory cell of the 
nonvolatile semiconductor m-rr.ory -device of the present invention 

"15 is constructed 1 of two pieces of the- memory elements stacreed to-getner 
vertically, there is no fear that the memory cell of the present 
invention increases its occupation area, which makes it, possible 
for the memory device of the present invention to realize both a 
high density memory capacity arid a more stacle memory operation. 

20 

BR I_F F PES OR 1 FT I 'IN OF T H F DR AW I KG3> 
Tne above ana other objects, advantages and features of the 
present invention will be more apparent from the fed lowing 
description taken in conjunction witn the accompanying drawings 
25 in wnioh: 

E n ig. l-'.a) is a schematic perspective view c-f a memory cell 
in a nonvolatile semiconductor memory device according tc> a first 
embodiment of the present invention, illustrating the construction 
of memory elements c-f the memory cell; 
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Fig. 1 (b) is a schematic perspective view :-f an essential part 
of the nonvolatile semiconductor memory device constructed of a 
plurality of the memory cel^s shown in Fig. 1 (a) , illustrating the 
construction of such an essential part; 
5 Fig. 1(a) os a schematic perspective view of the essential 

part of the nonvolatile semiconductor memory device shown in Fig. 
1(b), illustrating a data write operation thereof; 

Fig. i(b) is a schematic perspective view of the essential 
par: of the nonvolatile semiconductor memory device shown in Fig. 
10 i(b), illustrating a data read operation there jt; 

Fig. '■> is a schematic perspective view of the nonvolatile 
sem ic cnduccor memory oievice according to a second embodiment of 
the present invention, illustrating the construction of the memory 
device ; 

15 Fig. 4 (a) is a schematic perspective view of an essential part 

of the nonvolatile semiconductor memory oievice shown in Fig. 0 , 
illustrating the construction of a memory cell thereof ; 

Fig. 4{b) is a schematic perspective view of the essential 
part of the nonvolatile semiconductor memory device shown in Fig. 
20 4(a), illustrating a data read operation of the memory cell; 

Fig. 4(c) is a schematic perspective view of the essential 
part of the nonvolatile semiconductor memory device shown in Fig. 
4(a), illustrating a data write operation of the memory cell; and 
Fig. b is a schematic perspective view of an essential part 
25 -of the nonvolatile semiconductor memory device of a conventional 
type, illustrating the construct! :n of such a conventional type 
memory device . 



DETAILED DESCRIPTION OF THE RFEFERFED EMBODIMENTS 
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The best modes for carrying out the present invention will 
be described in detail usi.ng embodiments of the present invention 
with reference to the accompanying drawings. 

The present invention may, however, be embodied in various 
5 different forms and should not be construed as limited to the 
embodiments set forth herein; rather, these embodiments are provided 
so that this disclosure will be thorough and complete, and will 
fully convey the scope of the present invention to those skilled 
in the art . 

10 In the accompanying drawings , the thickness of films and regions 

are exaggerated for clarity. Like reference numerals refer to like 
parts throughout the drawings. 

Incidentally, it will also be understood that when a layer 
■or film is referred to as being "on" another film or substrate, 

\5 it can be directly on such another f rim or substrate, or intervening 
films may also be present therebetween. 

In the accompanying drawings: Fig. 1(a) shows a schematic 
perspective view of a memory cell of the MRAM according to a first 
embodiment of the present invention, illustrating the construction 

20 of memory elements of the memory cell; and, Fig. 1(b) shows a schematic 
perspective view of an essential part of the nonvolatile 
semiconductor memo ry device constructed of a plurality of the memory 
cells arranged in a lattice-like form and shown in Fig. 1(a), 
illustrating the construction of such an essentia 1 part of the memory 

25 device . 

As shown in Fig. 1(a), in a memory ceil of the nonvolatile 
semiconductor memory device of a first embodiment of the present 
invention, there is provided a first wiring 21 linearly extending 
in a first direction. A first fixed or pinned layer 22 has a thickness 
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of approximately 20 nm, and is constructed of a ferromagnetic film 
a direction of magnetization of which remains fixed or pinned. On 
the other hand, a first insulation film 23 has a thickness of 
approximately 2 nm, and permits a tunnel current to f low therethrough . 
This insulation film is disposed on the pinned layer 22 so as to 
be connected with the first pinned layer 22. Further, a first data 
storage layer 24 is disposed on the first insulation layer 23 so 
as to be connected with the first insulation layer 23. This first 
data storage layer 24 is constructed of a ferromagnetic thin film 
having a thickness of approximately 20 nm, and is capable of switching 
a direction of its magnetization. Further provided in the memory 
cell of the present invention is a second wiring 25, which is disposed 
on the first data storage layer 24 so as to be connected with the 
first data storage layer 24. This second wiring 25 linearly extends 
in a direction perpendicular to the first wiring 11. Still further 
provided in the memory cell is a second fixed or pinned layer 32 
which is constructed of a ferromagnetic film having a thickness 
of approximately 20 nm. This second pinned layer 32 is fixed or 
pinned in its direction of magnetization and disposed at a 
predetermined position on the second wiring 25 so as to be connected 
with the second wiring 25. On the other hand, a second insulation 
layer 33 having a thickness of approximately 2 nm is disposed on 
the second pinned layer 32 so as to be connected with the second 
pinned layer 32 , whereby a tunnel current is permitted to flow through 
the second insulation layer 33. A second data storage layer 34 is 
disposed on the second insulation layer 3 3 so as to be connected 
with the second insulation layer 33, and is constructed of a 
ferromagnetic thin film having a thickness of approximately 20 nm 
and capable of being switched in its direction of magnetization. 
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Further provided in the memory oell is a third wiring 35, which 
is disposed on the second data storage layer 34 so as to be connected 
with the second data storage layer 34. This third wiring 35 extends 
in a direction parallel to the first wiring 11. Incidentally, as 
5 parts of the memory cell, there are provided a first memory element 
28 and a second memory element 58, wherein the first memory element 
28 is cons t r o;ted of the first pinned layer 22, the first insulation 
layer 2 1 and the first data storage layer 24 while the second memory 
element is constructed of the second pinned layer 32, the second 
1.0 insulation layer 33 and the se co-no data storage layer 34. In toe 
memory cell of the first embodiment, a bit of information is stored 
in the memory cell by using a pair of its first memory element 2: 
ana its second memory element 88. 



15 embodiment is const rue red of a plurality of the memory cells which 
are arranged in a matrix form. Namely, as shown in Fig. 1(b), ^ 
plurality o± the first wirings 21 each of which forms on underlying 
bit line arc- disposed or. the first plane, ana spaced apart from 
eacn other at equal intervals to extend in the same direction. On 

20 the other hand, a plural ity of the second wirings 25 each of which 
forms a wc r:i line extending in a direction perpendicular to the 
underlying bit lines are disposed on the second plane arranged in 
parallel with the first plane, and are spaced apart from-, each :ther 
at equal, intervals to extend in the same direction. Further provided 

25 in the memory cell is a plurality of the third wirings 35 each of 
which forms an overlying bit line are disposed on the third plane 
arranged in parallel with the second plane, and are spaced apart 
from each other at equal intervals to extena in the same direction 
as that of the first wirings 21. In the memory cell having the above 



The r.onvi'l at i le senile onduc t o r memo r y 



device «: 



the first 
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construction, the second plane is disposed between the first and 
one third plane. In a plan view of the memory sell as viewed from 
a direction perpendicular t o the first, the second and the third 
plane, one first wirings 21 overlie the third wirings 35. On toe 
5 other hand, the first wirings 21 extend in a direction intersecting 
the second wirings 25 :o form a lattice structure. 

The first mexory element 2 is disposed between che first wiring 
2 1 ana the second wiring 25 at their intersection. On the other 
hand, the second memory element 33 is disposed between the second 

10 wiring 2 5 and the tnird wiring 3 5 at their intersection. Due to 
soon a lattice structure in the plan view, the first memory element 
2'z overlies the second memory element One piese of the memory 

cell is constructed of one piece of the first memory element 23 
and one piece of the second memory element 3o. in the nonvc lat i le 

15 semiconductor memory device of the first embodiment, these memory 
cells are arranged in a lattice-like form, i.e., a form, of matrix. 

Further, connected with terminal portions of each of the first, 
w i ring 21, the second wirings 1' 5 and the third wirings 35 are: a 
write circuit for storing information in the-:- memory cell; and, a 

20 read circuit for retri e vin g t he i r f :> r mat ion t h as s t orec in the memo r y 
cel. 1 . 

Now, the nonvoiat i.le semiconductor memory device of the first 
emb od i men t will be described in of era t i on . Fig. 2 ( a i s h : ws a schema tic 
perspective view -of the essential part of the nonvolatile 
25 semiconductor memory device shown in Fig. 1 (b > , illustrating a data 
write -operation thereof. Fig. 2(b) shows a -oho ma toe perspective 
view of the essential part of the nonvolatile semiconductor memory 
device shown i n Ft g . 1 ( to , i 1 1 u s t r a t i ng a d a t a r ea d c p er a t ion t he re o f . 
Incidentally, fcr convenience of description, a word line 25 in 
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addition to bit lines 35 and 11 disposed in an overlying and an 
underlying layer, respectively, are illustrated in Figs. 2(a) and 
2(b) as if these lines were replaced with each other in position. 

First, a write operation of the memory device of one present 
invention will be described. First, as shown in Fig. 2(a), a 
predetermined electric current flows in the first direction 36 in 
ea :;h of the underlying bit line (i.e., the first wiring 21* and 
the overlying bit line (i.e., the third wiring 35) . At this time, 
a predetermined electric current flows in the second direction 37 

1 n the second win ng 2 5 . As a res ui t , these electric currents generate 
ma.inetic fields around each of the word wirings 15 and the bit lines 

2 1 , 3 5 . 

As shown in Fig. 2(a), in the first lemcry element 23, a magnetic 
field is generated in a direction 51 by the electric current flowing 
through the underlying bit line 21. On the other hand, a magnetic 
field is generated in a direction 52 by the electric current flowing 
through the word .line 25. Consequently, the first memory element 
18 is subjected to both of the above two magnetic fields generated 
in trie directions 51, 52. On the other hand, as for the second memory 
element 28, a magnetic field is generated in a direction 54 by the 
■overlying electric current. At the same time, another maanetic field 
is generated in a direction 52 by tne elect ric current flowing thi ough 
the word line 25. Consequently, the second memory element is 
subjected to both of these magnet ic f i elds generated in the direct ions 
53, 54. As a result, the first memory element 25 is subjected to 
a magnetic field opposing in direction to a magnetic field to which 
the second memory element is subje :ted. On the other hand, a direction 
of magnetization of the ferromagnetic layer of the data storage 
layer 24 in the first memory element 2 8 is anti parallel t: a direct! on 
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of magnet i zati : n of the ferromagnetic layer of the data storage 
layer 34 in the se:ond momory element 32. At. this time, for example, 
when the direction of magnetization of each of the pinned layers 
of these memory elements is the same as that of tne data storage 
5 layer 34 of the second memory element 33, a di recti on of magnet i cat ion 
of the data storage layer 24 of the first memory element 33 is 
ant iparllel to that of the pinned layer 22. m a condition in which; 
a direction of magnetization of the data storage layer 34 of the 
second memory element 2 : is parallel to that of the pinned layer 

10 22. Tne above state of the mermory cell is defined and stored as 
a memory cell data " 1 " , for example. 

In order to store another memory cell data " 2 " , fc°r example, 
it is necessary to reverse in flow direction only the electric current 
flowing tri rough the word lino 15 in the above state defined as the 

15 memory cell data "1". At this time, the electric current flowing 
through each of the overlying bit line and the underlying bit lines 
remains unchanged m flow direction, i.e., a flow direction -of tne 
electric surrent is the same as that in the case of the memory cell 
del a "1". As a result, ot is clear that only the direction of the 

20 magnetic field generated by the electric current flowing through 
the wor o line i 5 is reversed in comparison with the case of tne 
memory cat a "1". in the case where tne easy axis in direction of 
magnetization of each of the first data storage layer 24 and the 
second data storage layer 34 is previously aligned with the first 

25 direction 36, it is possible t o re ver se in di root ion o f magne t i z at ion 
the data storage layer of each of the first memory element 18 and 
the second memory element 33 in comparison with the case o»f the 
memory cell data "1". 

For example, in the case where a state of the second memory 
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element 3? is in data "1" fin which the ma grie trores is tive value 
is small) while a state of the first memory element 28 is in data 
"0" (in which the magnet ores istive value is large), when such a 
pair of the states are defined as a memory cell data "1", it is 
5 possible to change in state the second memory element 38 and the 
firs: memory element 28 into the oiata "0" and the data "1", 
respectively, by reversing only in flow direction the electric 
current flowing through the wore, line 25. At this time, the pair 
of the states corresponds to the memory cell data "0". 

10 Me:>:t, a read operation :> r the memory device of the present 

invention will oe described . In thenonvolarole semiconductor device 
of tone first embodiment, as for the memory cells thereof, it is 
possible to select any one of the memory cells by selecting a 
predetermined one of each of the word l ines 25, the overlying bit 

15 lines 3 2 and the underlying bit lines 11 after each of the memory 
cells perform a predetermined read operation or. the array of the 
memory cells . After a desired one -of the memory ceils is selected, 
as shown on Fig. 2(b), .it :. s possible to retrieve a stored p.e:e 
o f i n f o r ma tion o y sensing a d-i.f rere n c e be tween the tunnel c u r rents, 

20 wherein one of the tunnel currents flows between the word line 2 5 
(i.e., the second wiring) and the overlying bit line ?5 (i.e., the 
third wiring) , while the other of the tunnel currents flows between 
the word line 22 and the underlying bit line 21 (i.e., the first 
wiring) . In other words, a elate re - id operation of the memory cell 

25 is performed by sensing a difference between the states stored in 
the first memory elemen: 28 and the secon d mem-; ry element 13. Namely, 
in the state of the memory cell data " 1 " thus sensed, the first 
memory element 28 is larger in resistance than the second memory 
element 38. On the other hand, in the state of the memory cell data 
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"0" thus sensed, the first memory element 23 is smaller in resistance 
than the second memory element 38. 

In the first embodiment, information is stored in the memory 
element as :s in the case of the prior art. In contrast with the 
5 prior art in which information is stored in one memory element and 
then the thus stored information is retrieved by sensing the absolute 
value of a tunnel current flowing through the memory element, in 
the memory device of the present invention, information is stored 
by using a parr of the first memory element 28 and the second memory 

10 element 33 while the information thus stored in the memory cell 
is retrieved by comparing the tunnel current flowing through the 
first memory element 23 with the tunnel current flowing through 
the second memory element 33 . Due to this , it is possible to remarkably 
improve the memory device in its information read accuracy. 

15 Consequently, it is possible for the memory device of the present 
invention to perform the information read operation with high 
accuracy without using any high-accuracy resistance value 
generating element which is an indispensable component to the 
conventional memory device. Further, since each of the memory cell 

20 and the nonvolatile semiconductor memory device of the first 

embodiment of the present invention is simple in construction, it 
is possible to integrate a plurality of the memory cells of the 
present invent io n in in easy manner. 

Now, a second embodiment of the present invention will be 

25 described. Fig. 3 shows a schematic perspective view of the 

nonvolatile semiconductor memory device (MRAM) according to the 
second embodiment of the present invention, illustrating the 
construction of the memory device. The nonvolatile semiconductor 
memory device of the second embodiment is characterized in that 
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a group of the memory cells arranged in a lattice-like form in the 
first embodiment is disposed in each of opposite sides of an 
interlayer insulation film 40 as viewed in Fig. 3, in which the 
opposite sides are an upper and a lower side of the interlayer 
5 insulation film 40. 

As shown in Fig. 3, the nonvolatile semiconductor memory device 
of the second embodiment has a construction in which: a plurality 
of the first wirings 21 are disposed on the first plane (not shown) , 
and separated apart from each other at equal intervals to extend 

10 on parallel with each other; disposed on eacn or the first wirings 
11 at equal intervals so as to be connected with the corresponding 
first wiring 21 are a plurality of the first memory elements 23 
arranged in a lattice-like form; and, a plurality of the second 
wirings 2 5 are 'disposed on the corresponding first memory elements 

15 28 so as to be connected with the corresponding first memory element 
28. In the second embodiment having the above construction, the 
second wirings 25 are so arranged as to extend in a direction 
intersecting the first wirings 21 at right angles on the second 
plane (not shown) which is parallel to the first plane (not shown) . 

20 Further, a plurality of the second memory elements 38 are disposed 
on the seccnd wirings 2 5 so as to be connected to the second wirings 
25, and are arranged in a lattice-like form. Further disposed on 
these second memory elements 38 so as to be connected with these 
second memory elements 38 are a plurality of the third wirings 35 

25 disposed on the third plane (not shown) which is parallel to the 
first plane, so that the third wirings 35 extend in parallel with 
the first wirings 21 on the third plane. Still further disposed 
on the third wirings 35 so as to cover the third wirings 35 is the 
interlayer insulation film 10. 
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Further, arranged over the interlayer insulation film 40 are 
a plurality of fourth wirings 41 which are spaced apart from each 
other at equal intervals to extend in the same direction in parallel 
with the interlayer insulation film 40. Disposed on these fourth 
5 wirings 41 so as to be connected with the fourth wirings 41 are 
a plurality of third memory elements 48 which are arranged in a 
lattice-like form. Further disposed on these third memory elements 
48 are a plurality of fifth wirings 45 so as to be connected with 
the third memory elements 4 8 . In the above construction, the fifth 

10 wirings 45 are provided in a manner such that the fifth wirings 
45 extend in a direction intersecting the fourth wirings 41 at right 
angles on a fifth plane (not shown) which is parallel to a surface 
of the interlayer insulation film 40. Further disposed on the fifth 
wirings 45 so as to be connected with the fifth wirings 45 are a 

15 plurality of fourth memory elements 58 arranged in a lattice-like 
form. Still further disposed on these fourth memory elements 58 
are a plurality of sixth wirings 55 extending on a sixth plane (not 
shown) in parallel with the fourth wirings 4 1, wherein the sixth 
plane is parallel to the surface of the interlayer insulation film 

20 4 0 . 

The nonvolatile semiconductor memory device of the second 
embodiment has the above construction. Due to this construction, 
it is possible for this second embodiment to double the packing 
density of the memory cells per unit area in comparison with that 
25 of the first embodiment of the nonvolatile semiconductor mem:>ry 
device. In the same way, it is also possible for the nonvolatile 
semiconductor memory device of the present invention to arrange 
three or more groups of the memory cells in each of an upper and 
a lower side of the interlayer insulation film 40, wherein the memory 
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cells are arranged in a lattice-like form in each of their groups. 

Incidentally, in the above embodiments, though the second 
wiring 2 5 intersects the first wiring 21 at right angles as viewed 
from above in the drawings (for example, in Fig. 3), it is not 
5 necessarily required to nave the second wiring 2 5 intersect the 
first wiring it right angles. In other words, it is also pc-ssible 
for the second wiring 25 to> intersect the first wiring 21 at any 
other angle other than the right angles. 

Further, in the aoove err.b odcmen t s , though the second plane 

10 is disposed between the first and the third plane, the relationship 
in location am ong these pi anes is ri ot limited to only chat illustrated 
in the err.b c-dime no s . In other words, for example, it is also possible 
to- arrange the first wiring 21 and the third wiring 35 in the same 
single plane, provided that it is necessary to have the relationship' 

15 between the pinned layer 22 and the data storage layer 2 4 in the 
first memory element 28 and the re 1 a t i onsh ip between the pinned 
layer 32 and the data, storage layer 34 or: the second memory element 
2 5 differ from each other in direction o>f magnetization. 

The invention m.ay be embodied in -other specific forms without 

20 departing from the spirit or essential characteristic thereof. The 
present embodiments are therefore to be considered in all respects 
as illustrative and not restrictive, the scope of the invention 
being indicated by the appended Claims rather than by the fc-regomg 
description and all changes which com.e within the meaning and range 

25 of equivalency of the Claims are therefore intended to be emoraced 
there in . 

The- entire disclosure of Japanese Patent Application Mo. 
2000-19o5o0 (Filed on June 30 th , 2000) including specification, 
claims, drawings and summary are incorporated herein by reference 




in its entirety. 



